INTRODUCTION
Head and neck cancer is a signifi cant global health issue with over half a million new cases diagnosed per year and two-thirds of these cases occurring in developing countries. 1 Annually an estimated 66,650 new oral cancer cases are diagnosed in the European Union. 1 Every year in the UK more than 4,750 cases of oral cancer are diagnosed, with mortality rates of 1,700 in the UK each year. In the West, chronic tobacco smoking and alcohol consumption have been the most important of the known predisposing risk factors for the development of oral squamous cell carcinoma (OSCC), the two acting separately and synergistically. 2 There are, however, a variety of habitual and culturally based activities that are less commonly seen in Europe and North America that are considered possible risk factors for the development of this type of cancer. 3 One commonly cited risk factor found in ethnic communities in the UK is the habit of betel (areca) nut chewing, which is mainly chewed by Bangladeshis, whilst qat chewing (takhzeena), a similar cultural habit practised by communities stemming from Southern Arabia and Africa, is relatively unknown in European and North American medical and dental circles.
Qat (khat, miraa, cathine, cathinone) is a green-leaved plant that has been chewed for its stimulant effect for centuries (Fig. 1) . The most active ingredients of qat are alkaloids such as cathinone and cathine. Cathinone is the main psychoactive constituent of qat, and has a similar action to amphetamine, inducing the release of dopamine, a neurotransmitter, from pre-synaptic storage. 4, 5 Purifi ed cathinone is a Class C drug, and thus controlled by the Misuse of Drugs Act 1971, but when present in the form of qat, it has no legal implications in the UK, whereas certain European countries and the United States consider qat to be a controlled substance.
In 2005, the Advisory Council on the Misuse of Drugs (ACMD) was directed by the UK Government to set up a qat working group to re-address the matter of whether qat should be controlled by the Misuse of Drugs Act 1971. It concluded that the evidence of direct harm from qat chewing was not suffi cient to recommend its control at present. However, the WHO Expert Committee on Drug Dependence also considered the problem and concluded that it was signifi cant enough to look at the need for international control of qat. 6 Both committees have recognised that qat use is becoming an increasingly more signifi cant problem in the UK, with problematic use occurring in the UK within the Somali, Yemeni and Ethiopian communities where it is a major cultural phenomenon. 7 These concerns are based on the fact that the global market of qat is on the increase with trade estimates of 7-10 tonnes per week entering the UK market alone. 8 Its use is often increased following migration from these countries and is used by men and women, across a wide spectrum of age groups and social classes. These groups typically have high levels of male unemployment, poverty and low educational standards, and it is within
• Provides an up-to-date account of most recent qat related studies.
• Informs healthcare clinicians and more specifi cally dental clinicians about the possible oral health related changes induced by qat (plus systemic effects).
• Provides a clear opinion of the use of qat in the UK from a legal standpoint.
I N B R I E F PRACTICE
these community groups where oral cancer incidence is most prevalent. No studies of oral cancer incidence in these ethnic populations in the UK has been undertaken to date.
The aim of this review is to: 1) Educate health clinicians about qat usage and related oral/systemic health issues 2) Review the current literature regarding qat use and its association with oral disease but more specifi cally to review its link with oral leukoplakia and oral squamous cell carcinoma (OSCC).
To do this we searched the literature (PubMed, Science Direct and Scopus) to identify all relevant articles published over the last 20 years using a combination of terms 'qat', 'khat', 'kat', 'cathinone' and 'cathaedulis'.
ORO-DENTAL EFFECTS OF QAT
Qat leaves are generally placed in the mouth in the lower distal mucobuccal fold and are chewed during social-cultural gatherings, creating a noticeable pouch, where the duration of chewing may usually last up to several hours at a time.
In a recent cross-sectional study it was found that qat chewing caused loss of periodontal attachment presenting either as increased pocket depth or gingival recession. 9 From an oral health point of view, the chewing of qat is purported to increase the risk of periodontal disease, temporo-mandibular joint click and xerostomia. 10 These fi ndings are consistent with an earlier study which looked at the periodontal status of a population in the Yemen. It concluded that higher qat consumption correlates with an increased detrimental effect on the periodontium using the CPITN index of periodontal treatment need. 11 Conversely, a microbiological based study, which looked at periodontal bacteria in sub-and supragingival bacteria, concluded that qat chewing is not detrimental to the periodontium, whilst a further study found no signifi cant clinical difference in oral hygiene between qat chewers and non qat chewers. 12, 13 Whilst qat in itself is considered to be non-cariogenic, the high consumption of sugary drinks and concomitant use of sugar tablets to counteract the bitter taste of qat can lead to cervical caries ( Fig. 2) Qat tends not to discolour the oral mucosa as seen in betel nut chewing. Fluorosis of enamel is a common fi nding in the qat chewing population but the aetiology for this is predominantly the high fl uoride concentration in drinking water in rural areas of qat growing countries. The fl uoride content in qat has been shown to be low. 14 There is a case report of qat induced plasma cell gingivitis, which disappeared after discontinuation of qat chewing. 15 A further case report highlights the possible synergistic effect of qat in the development of OSCC of the fl oor of the mouth. 16 These case reports highlight the importance of eliciting a good social history relevant to the patient's ethnic background on initial presentation of any intraoral changes.
One of the most important considerations from an oral health point of view is the relationship between qat chewing and the development of oral cancer (OSCC) and pre-malignant lesions. Qat chewing has been associated with an increased rate of oral cancer. 17, 18 Soufi et al. 17 speculated that there may be a link between qat chewing and oral malignancies. In some of the cases in the study, the malignant lesion developed at the site where the qat bolus was held. All subjects in this small retrospective study were non-smoking qat chewers.
A further retrospective survey undertaken in the Yemen looked at 649 cases of primary malignant tumours. Even though this study found that OSCC was the most prevalent of all cancers (18.3%) occurring in this group, there was a signifi cant occurrence of simultaneous tobacco consumption in these patients. 19 This makes it diffi cult to deduce the precise role played by qat in the high prevalence of OSCC. Furthermore, the presence of dietary defi ciencies, from a low fruit and vegetable intake, may predispose towards the development of oral cancers and this was not taken into consideration. 20 However, this study correlates well with the fi ndings of another study that found the practice of qat chewing was prevalent in patients with head and neck OSCC in Southern Arabia. 18 One study found that half of qat chewers develop oral leukoplakias. 21 This becomes a signifi cant fi nding if we are led to believe that such lesions become cancerous in 2-12% of these patients as concluded in some studies. [22] [23] In contrast, Macigo et al. 24 undertook a relative risk assessment, looking at the association between oral leukoplakia and use of tobacco, alcohol and qat in Kenya and concluded there was no association between oral leukoplakia and qat, whereas qat chewing, as mentioned above, has been reported to induce oral keratotic white lesions, but unlike tobacco use and chewing of betel nut, no direct association between the white oral mucosal lesions in qat users and development of oral malignancy was identifi ed. 24, 25 Studies focusing on other socio-cultural practices showed that the prevalence of oral cancer and other precancerous lesions such as oral leukoplakia in the Yemen was related to shammah use (traditional smokeless tobacco), which is a widely practised habit in the population that also use qat. 26 Ali et al. 27 looked at histopathological changes in oral mucosa induced by qat chewing. Forty oral mucosal biopsies were taken from the buccal mucosa on the side preferred for qat chewing; 20 biopsies were taken from the opposite side and ten biopsies from the buccal mucosa of a non qat chewing control group. Even though histopathological changes were seen in the oral mucosa on the chewing side, these changes showed no evidence of malignancy. Another study also reported histopathological changes in the oral mucosa associated with qat chewing. These included acanthosis, abnormal rete ridges and hyperkeratosis but no evidence of carcinoma. 28 The simultaneous use of tobacco consumption is a confounder in many of these studies. However, there are some studies where oral white lesions were found in qat chewers who were not smokers. 29 Indeed the prevalence of such lesions and their severity correlated with duration and frequency of chewing, suggesting a possible dose response relation, as seen in other risk factors for oral white lesions, such as areca nut use.
Systemic effects of Qat
Systemic effects of qat use involve the cardiovascular system, central nervous system, digestive and genitourinary systems. [30] [31] [32] [33] [34] [35] These include: hypertension, tachycardia, anorexia, insomnia, euphoria, loss of appetite, gastrointestinal disturbances and weak stream of micturition. There are studies that have looked at whether qat chewing is a risk factor for ischaemic heart disease and diabetes. Al-Motarreb et al. 36 undertook a 100 patient based case-control study and found that qat chewing was an independent dose-related risk factor for the development of myocardial infarction. A further study concluded that chronic qat chewing does not increase serum glucose in healthy individuals but increases glucose and C-peptide levels during a qat session in diabetics. 37 Both of these conditions have a high prevalence in the qat chewing population community in the UK.
From a pharmacological perspective, qat has been shown to affect the bioavailability of widely prescribed antibiotics, such as amoxicillin. 38 The authors of the study recommended that the antibiotics in question should not be taken within two hours of qat chewing. A laboratory based study has also assessed the antimicrobial activity of qat extracts against a panel of oral microorganism and tested their ability to modify bacterial resistance to tetracycline and penicillin in vitro. The study concluded that qat has water-soluble constituents possessing selective antibacterial activity against the oral fl ora, as well as antibiotic resistance-modifying components that warrant further investigation to assess any implications for dental prescribing. 39 A further in vitro study concluded that qat leaves contain water-soluble constituents that inhibit some cariogenic properties of S. mutans in vitro. 40 These studies may send out a mixed message about the potential benefi ts and problems associated with qat use but equally highlight the need for further clinical and laboratory based research.
In the UK, the debate over the mental health and social implications of qat use has led to a demand from within the affected communities, for stricter legal control of this widely used plant. 41 Chemical pesticides are often used during the cultivation of qat and there is evidence that these may also cause adverse effects in chewers. 42 
MOLECULAR-BASED STUDIES ON QAT
On the molecular level, the effect of qat remains controversial but yet crucial to our understanding of whether qat is indeed a risk factor for oral cancer and its precursors.
Animal studies have shown qat to induce genetic mutations and teratogenic effects. [43] [44] [45] A molecular based comparison study between the micronuclei formation of buccal cells in qat users to non qat-user controls and to a smoking, alcohol drinking, and qat chewing group, concluded that qat chewers had a signifi cantly higher micronuclei frequency than non consumers (p = 0.000047), indicative of aberrations at the cellular level. 46 Qat was also shown to promote apoptotic cell death through mechanisms involving the activation of a family of cysteine proteases named caspases (caspase -1, -3 and -8). 47, 48 A more recent paper investigated the effects of qat on human oral keratinocytes and human oral fi broblasts in respect to changes present at the cell cycle level. 49 The results showed qat to have a strong inhibitory effect on the growth of these two cell types, with increased expression of tumour suppressor genes involving senescence related to differentiation. Whether these changes are mirrored in vivo is yet to be determined.
Further studies looking at whether qat induces genetic aberrations via activation of ras or induction of mutational hotspots in p53 tumour suppressor gene, as seen in the pathogenesis of betel-and tobacco-related oral cancers, would help in establishing whether qat should be considered carcinogenic.
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CONCLUSION
There is not enough evidence in the literature that qat chewing alone is carcinogenic or plays an independent direct role in the development of head and neck cancers. Unfortunately, the frequent combined use of qat and tobacco products makes it diffi cult to isolate the contribution each makes to the risk of developing oral cancer. Although the exact mechanism of any reported carcinogenesis is unknown, available information suggests that qat chewing should be considered one of the possible confounding risk factors for oral cancer specifi c to individuals who practise qat chewing along with tobacco use. What makes the claim that qat is directly a causative factor in OSCC diffi cult is the widespread simultaneous use of other known carcinogens such as polycyclic aromatic hydrocarbons and nitrosamines in the qat chewing population. 52 An exploratory study by Kassim et al. 53 concluded that qat chewing creates dependency and correlates with tobacco smoking and nicotine dependence.
The current situation in the UK is that there are no government health warning labels on bundles of qat, sales are unregulated and there's no restriction on its sale to minors. Any potential governmental intervention into the qat market in the UK, however, would need to take consideration of the fact that its use is culturally based and an integral part of the social interactions of certain communities.
Case-control studies would help to evaluate the risk for oral cancer and other associated oral mucosal diseases resulting from variations in qat chewing habits. However, due to the cost of conducting large population-based studies, it may be appropriate to conduct smaller-scale surveys and research studies fi rst, to assess evidence for the validity of the possibility that qat is carcinogenic. Qat health education would carry a cost, and that cost has yet to be justifi ed based on the current level of scientifi c data surrounding its use.
Currently there are no data on the effectiveness of qat cessation interventions and whether it is worth doing from an economic perspective. The National Institute for Health and Clinical Excellence (NICE) is stated to have a threshold of about £30,000 per Quality Adjusted Life Years (QALY). 54 This means that any health intervention above this threshold is likely to be rejected and any intervention which has an incremental cost of less than or equal to £30,000 per extra QALY gained is likely to be accepted as cost-effective. Any qat cessation interventions would therefore need to be substantiated by good clinical data linking qat chewing to systemic and oral diseases. If there is a link that qat prevention and cessation interventions are effective then further studies would be benefi cial to establish more accurately the extent to which qat chewers are at a higher risk of developing OSCC than non qat chewers.
In conclusion any appropriate public health programme would have to be based on scientifi cally sound data, which at present is not available.
